The anomalies recently found by the LHCb collaboration in B-meson decays seem to point towards the existence of new physics coupled non-universally to muons and electrons. We show that a beyond-the-Standard-Model dynamics with these features naturally arises in models with a warped extra-dimension that aim to solve the electroweak Hierarchy Problem. The attractiveness of our set-up is the fact that the dynamics responsible for generating the flavor anomalies is automatically present, being provided by the massive Kaluza-Klein excitations of the electroweak gauge bosons. The flavor anomalies can be easily reproduced by assuming that the bottom and muon fields have a sizable amount of compositeness, while the electron is almost elementary. Interestingly enough, this framework correlates the flavor anomalies to a pattern of corrections in the electroweak observables and in flavorchanging processes. In particular the deviations in the bottom and muon couplings to the Z-boson and in ∆F = 2 flavor-changing observables are predicted to be close to the present experimental bounds, and thus potentially testable in near-future experiments.
Introduction
After the discovery of a Higgs-like particle at the LHC, the Electroweak (EW) Hierarchy Problem became arguably one of the most pressing theoretical issues in high-energy particle physics. Although several motivated extensions of the Standard Model (SM) have been proposed to address this issue, no unambiguous experimental evidence is yet available to clearly discriminate among the various theoretical possibilities.
A straightforward way to hunt for a Beyond the SM (BSM) dynamics is to use direct searches of new resonances at the LHC. This strategy is quite powerful in probing BSM scenarios that connect the solution of the Hierarchy Problem to the presence of new light states (around 1 − 2 TeV), as for instance models based on Supersymmetry or on the composite Higgs idea. Specific scenarios, however, could evade this strong connection and push the new states into the multi-TeV range as a consequence of either a peculiar structure of the BSM dynamics or of a mild amount of fine-tuning. In such situation, direct searches may have a hard time in successfully testing the BSM effects.
An additional, complementary approach to gain experimental information on BSM scenarios is to exploit indirect searches, which in several cases are sensitive to new-physics scales much higher than the TeV. Noticeable examples are the EW precision measurements performed at LEP and the flavor observables, in particular flavor-changing and/or CP violating processes. The latter observables, for instance, are able to probe new-physics effects suppressed by energy scales as high as 10 5 TeV. As can be easily understood, indirect searches can be extremely important to probe scenarios with a high new-physics scale. However they retain their relevance also in scenarios with relatively light new resonances, since they can provide complementary constraints on the parameter space of the models.
Indirect searches can also provide some evidence for new phenomena and give some indication of the possible BSM models that could explain them. An intriguing example are the anomalies in the B-meson decays recently found at the LHCb [1, 2] and Belle [3] experiments. In particular the ratio of branching fractions BR(B → Kµ + µ − )/BR(B → Ke + e − ), which differs from the SM prediction at the 2.6σ level, could be suggestive of a violation of universality in the lepton sector. Several theoretical analyses already appeared in the literature trying to interpret the anomalies in a BSM perspective. The most obvious possibilities are some extensions of the SM including massive vector bosons (Z ) [4] [5] [6] , or new resonances with mixed couplings to quarks and leptons (leptoquarks) [7] , although it might also be due to underestimated hadronic uncertainties [8] . A shortcoming of many of these constructions is the fact that the BSM dynamics has no fundamental reason for being present, other than explaining the anomalies in B meson physics. In the present work we follow a different approach: we do not add ad-hoc new states in order to fit the data, but instead we try to connect the LHCb anomaly to some BSM dynamics whose main motivation is addressing the EW Hierarchy Problem.
A natural way to achieve this aim is to consider extra-dimensional models a la RandallSundrum (RS) [9] . In these scenarios new massive vector bosons arise automatically as Kaluza-Klein (KK) modes of the SM gauge fields. In particular, the KK towers of the Z boson and of the photon can give rise to effective four-fermion interactions that modify the B-meson decays. A necessary requirement to get large enough effects is the assumption that the bottom quark and the muon have a non-negligible amount of compositeness 1 , i.e. that their wave-functions are sufficiently localized towards the IR, such that their couplings with the KK vector modes are large.
An interesting byproduct of this set-up is the fact that additional corrections to precision observables are necessarily generated as a consequence of the bottom and muon compositeness. Among the most relevant effects we can mention the distortions of the bottom and the muon couplings to the Z-boson and the generation of ∆F = 2 flavorviolating contact operators. As we will discuss in Sect. 4 , in Natural scenarios that solve the Hierarchy Problem, an explanation of the LHCb anomaly is correlated with deviations in the Z couplings and ∆F = 2 effects that are close to present experimental bounds. This correlation leads to a very predictive set-up, in which the main parameters of the extra-dimensional model are almost completely fixed.
For definiteness, in our analysis we focus on a simple modification of the classical RS set-up, obtained by a soft-wall-like deformation of the AdS metric close to the IR brane [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . This modified scenario allows to keep under control the corrections to the EW precision parameters even in the absence of a custodial symmetry in the bulk. In this way the strong constraints on the mass scale of the KK vector fields can be relaxed to the ∼ 2 TeV range, thus avoiding the presence of a Little Hierarchy Problem between the EW scale and the KK scale.
The paper is organized as follows. In Sect. 2, we present a brief overview of our model, summarizing the main results of the existing literature. Afterwards, in Sect. 3, we analyze the new-physics effects in the B-meson decays and we determine the values of the parameters that allow to fit the present experimental data. The constraints coming from EW precision measurements, flavor observables and direct searches are then presented in Sect. 4 . Finally in Sect. 5, we combine the fit of the LHCb anomaly and the experimental constraints, presenting an overall picture of the viability of our model together with a few concluding remarks.
The model
In this section we will present the model we will use in the rest of the work for our analysis of the B-meson decay anomalies. As mentioned in the Introduction, the scenario we focus on is analogous to the usual RS set-up, the only difference being a deformation of the background metric near the infrared (IR) boundary. The extra-dimension is thus close to AdS 5 near the ultraviolet (UV) brane, whereas the conformal invariance is broken by a deformation of the metric only near the IR. This structure guarantees that the RS explanation of the hierarchy between the UV and IR scales is still at work in our model, so that fields localized near the IR brane (most noticeably the Higgs) "feel" an effective cut-off scale of TeV order. A detailed discussion of the model can be found in Ref. [18] , to which we refer the reader for further details.
In the following we will denote by y the proper coordinate along the extra dimension and by A(y) the warp factor defining the metric
where η µν = (−1, 1, 1, 1). The UV and IR branes are localized at the points y = 0 and y = y 1 respectively. The form of the warp factor is determined by the dynamics of the scalar field φ which stabilizes the length of extra dimension. We assume its dynamics to be characterized by the superpotential
where a and b are real (dimensionless) parameters controlling the gravitational background and k is a parameter with mass dimension related to the curvature along the fifth dimension [10] . Since a one-to-one correspondence is present between the value of the φ field and the position along the extra dimension, it is possible to trade the coordinate y for the value of φ. From the superpotential we extract the explicit form of the warp factor
In φ coordinates the brane locations correspond to φ 0 and φ 1 for the UV and IR branes, respectively. We fix throughout the paper φ 1 = 5, while the position of the UV brane φ 0 is used to fix the length of the extra dimension [18] . Equivalently, setting the length of the extra dimension corresponds to fixing the value of A 1 = A(φ 1 ) at the IR brane. We assume that a five-dimensional (5D) gauge invariance is present, whose gauge group coincides with the SM one SU (2) L × U (1) Y × SU (3) c . We denote the corresponding gauge fields as W 
The profiles f (n)
A (y), normalized as
= y 1 , satisfy Neumann boundary conditions and bulk equations of motion
where we use the notationẊ ≡ dX/dy, while m (n)
A denotes the mass of the n-th KK mode and M A (y) is the mass term induced by the vacuum expectation value of the Higgs after EW symmetry breaking (EWSB). For a Higgs propagating in the bulk, as we will assume in the following, the mass terms M A (y) has the form 5) where h(y) is the Higgs background profile and g 5 denotes the 5D gauge coupling corresponding to the SU (2) L subgroup. The g 5 coupling is related to the usual four-dimensional (4D) one, g, by g 5 = g √ y 1 . For illustration, we plot the profiles f (n)
A for n = 1, 2 in the left panel of Fig. 1 for the benchmark configuration with superpotential parameters b = 1 and a = 0.2 and with A 1 = 35. We will use this choice of parameters throughout the paper to derive all the numerical results. In addition we will also assume that the mass of the first gauge KK mode is of order m KK ≡ M 1 2 TeV. This choice for the KK mass corresponds to the lowest value compatible with the EW precision measurements, in particular with the bounds on the S and T parameters, and with the direct LHC searches as we will discuss in Sects. 4.2.1 and 4.5.
Notice that the KK modes profiles before EWSB are universal, i.e. they do not depend on the specific gauge field they belong to. After the Higgs gets a vacuum expectation value and the M A (y) mass turns on for the W and Z bosons, mild non-universal deformations of the KK wave-functions are induced. These deformations are however typically negligible for most of the computations we perform in our paper since the KK mass scale is much larger than the EW scale v 246 GeV.
Let us now consider the Higgs field. As we already mentioned, we assume it to be a 5D field, so that it propagates in the bulk. Splitting the degrees of freedom into Goldstone modes χ(x, y), vacuum expectation (background) value h(y) and physical fluctuations ξ(x, y) we can rewrite the Higgs field as
EWSB is triggered by an IR brane potential, whereas additional mass terms are introduced for the Higgs in the bulk and at the UV brane. The full Higgs potential is
where
The dimensionless parameter α controls the localization of the Higgs wavefunction and can thus be connected to the amount of tuning related to the Hierarchy Problem 2 . The SM fermions are realized in our scenario as chiral zero modes of 5D fermions. The localization of the different fermions is determined by the 5D mass terms. The mass term for the 5D fermions can be conveniently chosen as M f L,R (y) = ∓c f L,R W (φ) where the upper (lower) sign applies for a field with a left-handed (right-handed) zero mode [16] . With this convention the fermion zero modes are localized near the UV (IR) brane for c f L,R > 1/2 (c f L,R < 1/2). A value c f L,R < 1/2 thus corresponds to a sizable amount of compositeness for the corresponding fermions, whereas c f L,R > 1/2 characterizes fermions that are almost elementary. Choosing appropriate boundary conditions we can ensure that each 5D fermion has a massless zero mode with the appropriate chirality, whose wave-function is
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(2.12)
Yukawa interactions with the Higgs are induced by the following Lagrangian 
. (2.14)
As can be seen from the above formulae, analogously to what happens in the usual RS setup, order-one differences in the fermion bulk masses (i.e. in the c f L,R parameters) induce exponential differences in the fermion Yukawa's. This mechanism could be interpreted as a natural way to generate the hierarchies in the fermion masses, without any need to introduce hierarchies in the 5D Yukawa's. This set-up is usually called anarchic flavor scenario since the 5D Yukawa's have an "anarchic" structure with all entries of similar order 3 . In the present work we do not fully specify the flavor structure of the model and we just consider the coefficients c f L,R as free parameters such that for "perturbative" values of the Yukawa coefficientsŶ f ij the SM fermion masses and mixing angles can be reproduced. In other words, differently from the pure anarchic scenario, in our set-up we also allow for some (mild) hierarchy in the 5D Yukawa's which should arise from some 5D flavor structure.
Since the quark and charged lepton spectrum is hierarchical, a good approximation to extract the fermion masses as a function of the model parameters is to neglect the mixing angles (which means thatŶ 
Another important ingredient we will need for our analysis is the coupling of the SM fermions with the KK modes of the gauge fields. Before EWSB these couplings have a particularly simple form. Obviously the ones with the SM gauge bosons coincide with the SM gauge couplings. The couplings with the massive gauge KK modes are instead universal and are fully determined by the localization of the fermions, i.e. by the c f L,R parameters. The coupling with the n-th gauge KK modes, collectively denoted by X n µ , can be written as
where f L,R are the fermion zero-mode and g denotes the SM gauge coupling corresponding to the X µ field. The coupling functions f (n) (c f L,R ), which encode the overlap of the KK wave-functions of the vector bosons with the zero-mode fermion wave-functions, are given by the following expression
The functions f (n) (c) for n = 1, 2 for our reference choice of the model parameters are plotted in the right panel of Fig. 1 . We can see that two relevant regimes are present. For a fermion zero mode localized towards the IR (namely for c 0.45) the coupling with the KK gauge fields is typically of the order of the SM gauge coupling (that is f (n) (c) ∼ 1) and can become even stronger for c 0. For fields which are almost elementary (namely for c 0.5) the coupling instead becomes rather weak with a typical size ∼ 0.1g 4 .
It is interesting to notice that, for fermions with very small compositeness, the coupling with the gauge KK's becomes almost independent of the exact value of c. One can indeed check that for arbitrary c 1 , c 2 0.6 the couplings differ at most at the percent level,
This feature has very important consequences for flavor universality. Indeed gauge coupling universality is automatically ensured for all the fermions whose localization parameters are c f L,R 0.6. In the following we will exploit this feature by assuming that the first and second quark generations respect the universality condition. This implies an approximate accidental U (2) q L × U (2) u R × U (2) d R global flavor symmetry, which is only broken by the Yukawa couplings. As we will see this symmetry will help in reducing dangerous flavor violating effects involving the light quarks 5 . As can be seen from Fig. 2 there is no obstruction in satisfying the universality assumption since the Yukawa couplings of the first two generations of quarks can be easily accommodated by choosing c f L ∼ c f R 0.6. For simplicity in our numerical analysis we will moreover choose c q 1
L denote the left-handed quark doublets in the first and second generation) as well as
This choice is not strictly necessary, since any configuration which respects c f L,R 0.6 would give rise to the effective U (2) flavor invariance.
The results about the couplings with the KK gauge tower we presented so far are exact when the effects of EWSB are neglected. When the Higgs gets a vacuum expectation value, however, some (possibly non-universal) distortions of the couplings are generated. There are two main effects that modify the gauge couplings: the mixing of the SM fermions with their KK modes and the mixing of the SM gauge fields with the massive vector resonances. We postpone a detailed discussion of these effects to Sect. 4. 
where the Wilson coefficients
and of a new-physics one ∆C i . The sum in Eq. (3.1) includes the operators
In our model contact interactions involving the SM fermions can be generated through the exchange of the massive KK modes of the gauge fields. In particular interactions that induce ∆F = 1 transitions can be induced by the exchange of the KK modes of the Z-boson and of the photon. The schematic structure of the diagrams giving rise to these contributions is shown in Fig. 3 . From the discussion in the previous section, it is easy to realize that lepton universality can be broken in our scenario, provided that the localization of the various lepton generations is different. In particular, if the electron is an almost elementary state (c e L,R 0.6) whereas the muon has a sizable degree of compositeness, the couplings of these two fields to the gauge KK modes are different (see the right panel of Fig. 1 ). In this case large contributions to the ∆F = 1 operators in Eq. (3.2) can be generated.
A set-up that allows to accommodate a large enough contribution to the ∆F = 1 transitions is obtained by assuming that the left-handed component of the muon has a sizable degree of compositeness, c µ L 0.5. Analogously we also need to assume a large compositeness for at least one of the chiralities of the bottom quark. For the light generation quarks (as well as for the electron) we can instead assume a localization close to the UV brane, c q L,R 0.6, which realizes the approximate U (2) quark flavor symmetry discussed in Sect. 2.
Before EWSB, the Lagrangian describing the interactions of the SM fermions with the vector KK modes can be written in the schematic form
where P R,L = (1 ± γ 5 )/2 denote the right and left chirality projectors. After EWSB the off-diagonal Yukawa couplings induce a mixing between the fermions of the different generations, thus leading to flavor changing couplings to the Z and photon KK excitations. In our analysis we will assume that the unitary rotations that diagonalize the down quark Yukawa's have the same structure of the CKM matrix, V D L,R ∼ V CKM . Due to the larger hierarchy between the up quark-sector masses, we instead assume that the V U rotation matrices are almost equal to the identity, V U L,R 1 3 7 . For the lepton sector we assume that the rotation matrices involving the charged leptons are close to the identity, so that flavor-violating interactions with the vector KK modes are not generated. We will not specify here how the required alignment in the lepton sector is achieved and we leave this point for future investigation.
With these assumptions, the leading flavor violating interactions with the vector KK modes have the form
where V ij are the CKM matrix elements, d i (i = 1, 2, 3) denotes the down-type quark in the i-th generation and g quite non-generic form, which closely resembles a minimal flavor violation structure in which all flavor-changing effects are suppressed by the CKM elements involving the third family. This is a direct consequence of the U (2) flavor symmetry for the light generation quarks and of the unitarity of the CKM matrix. Would the U (2) symmetry be violated, potentially large flavor-changing currents could be generated for the light quarks, and in particular s → d transitions could get sizable contributions.
The explicit expressions of the left-and right-handed couplings are
From these expressions one can easily derive the vector and axial couplings, which we denote by g
The couplings in Eqs. (3.3) and (3.4) give rise to the following contributions to the Wilson coefficients of the ∆F = 1 operators:
Since the size of the couplings g
has only a small dependence on n, the largest contributions to the Wilson coefficients come from the effects of the first vector KK excitations, Z The preferred region in the parameter space is mostly determined by the value of ∆C 9 , which needs to have non-vanishing new-physics contributions in order to fit the experimental results (see Tab. 1). This constraint selects a relatively narrow region in the (c b L , c µ L ) plane. In particular, at least one of these two parameters is required to be 0.45, as can be seen from the left panel of Fig. 4 . Additional constraints on the (c b L , c µ L ) plane can be extracted from the bounds on ∆C 10 . These constraints, however, are quite mild and basically all points compatible with the fit of ∆C 9 are also in agreement with ∆C 10 . The ∆C 9,10 Wilson coefficients, on the other hand, can be used to select a preferred region in the (c b R , c µ L ) plane. As can be seen from the right panel of Fig. 4 , in this case no strong constraint is found.
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Constraints
As we discussed in the previous section, the exchange of gauge boson KK modes can give rise to four-fermion interactions that modify the B → K * µ + µ − decay. In particular, the anomaly in the current experimental data can be naturally explained in our model provided that the b L and µ L fields have a sizable degree of compositeness (i.e. they are localized towards the IR brane). A large compositeness for the light SM fermions, however, also implies that other precision observables can be modified. Noticeable examples are the couplings of the muon and the bottom with the Z-boson and the ∆F = 2 flavor observables. As we will discuss in the following, all these observables are unavoidably linked to the generation of the O 9,10 operators and the expected corrections are typically of the same order of the present experimental constraints.
General overview
As a preliminary step, we find it useful to perform a simple semi-quantitative analysis with the aim of giving an overview of the various new-physics effects that can be used to put bounds on the parameter space of our model. We postpone to the next subsections a detailed discussion and numerical analysis of each experimental constraint.
A first consequence of the large bottom and muon compositeness is the fact that sizable distortions of their couplings with the SM gauge bosons, and in particular with the Z, can be generated. As we mentioned in Sect. 2, after EWSB two effects can induce nonuniversal distortions of the gauge couplings. The first effect is the mixing of the fermion zero modes with their massive KK towers. The size of these corrections crucially depends on the localization of both the left-handed and the right-handed components of the SM fermions. The second effect comes instead from the mixing between the Z-boson and its vector excitations. In this case the corrections come from diagrams like the one shown in Fig. 5 and the distortion of the coupling for one fermion chirality is independent of the compositeness of the other chirality. Since the effects comings from the Z-boson mixing and from the fermion KK's are controlled by different parameters, and are to a large extent independent, they typically do not cancel each other. We can thus use the size of one of them to obtain a lower bound on the overall size of the distortions. In this approximate analysis we will thus only consider the corrections due to the Z mixing, which have a simpler structure and allow to constrain the compositeness of each fermion chirality independently. In the detailed analysis presented in the next subsections we will also take into account the contributions coming from the fermion KK modes.
By using the notation of Eq. (2.17), we can estimate the correction to the SM fermion couplings due to the vector resonances as
where κ n parametrizes the overlap of the Z boson and its n-th KK wave-functions with the Higgs boson. Notice that the κ n factors are fully determined by the geometry of the extra dimension and by the localization of the Higgs wave-function (or equivalently by the parameter α in the Higgs profile, Eq. (2.9)). Since the κ n parameters have a small dependence on n, the largest correction to the couplings comes from the mixing of the Z boson with its first KK mode. We can thus approximate the expression in Eq. (4.1) by
The overlap function f (1) (c f ) is shown in the right panel of Fig. 1 . As can be seen from the plot, for values c f 0.4 the overlap function can be of order f (1) ∼ O(few), whereas it is suppressed in the region c f 0.5. The second important object in Eq. (4.2) is the κ 1 parameter. For typical values of α which correspond to a natural solution of the hierarchy problem (α 3 for the chosen values of the superpotential parameters a and b), one finds κ 1 1. Smaller values of κ 1 can be obtained by lowering the value of α (i.e. by pushing the Higgs field towards the UV brane) 8 . In this case, however, an increased amount of tuning is present in the model (see Fig. 2 ).
The current experimental data put strong bounds on the deviations in the b L and µ L couplings to the Z-boson, namely δg Zf f /g SM Zf f few×10 −3 . Substituting these constraints into Eq. (4.2), we find
As can be seen from the right panel in Fig. 1 , the constraints in Eq. shows that the constraints on c µ L and c b L must be both saturated in order to allow a large enough contribution to O 9 .
We can be more quantitative by noticing that the main contribution to ∆C 9 is mediated by the exchange of the first KK modes of the Z-boson and of the photon (see Fig. 3 ). By using the results in Eqs. (3.3) and (3.5) we find
Putting this result together with Eq. (4.2), we finally get
The upper value for the contributions to O 9 can thus be estimated as
which is of the size required to explain the B → K * µ + µ − anomaly (see Tab. 1).
A second set of constraints can be derived from ∆F = 2 flavor-changing processes. In the presence of a sizable compositeness for the b L field, four-fermion contact operators of the form
are induced by the exchange of heavy vectors. In particular the largest contributions come from the interactions with the KK modes of the gluons. The KK modes of the Z-boson and of the photon give rise to additional corrections, which are however subleading due to the smaller gauge couplings. As we saw in Sect. 3, after EWSB a mixing among the three quark generations is induced, whose size is parametrized by the CKM matrix elements. Consequently the four-fermion operators involving the b quark give rise to flavor changing contact interactions involving the light-quarks.
Additional four-fermion operators directly involving the light-generation quarks are also typically generated through the exchange of KK vector bosons. These effects are however smaller than the ones coming from the third generation because in our set-up the light quarks have a low amount of compositeness. Moreover, the U (2) flavor structure we assumed for the first two quark generations leads to a further suppression, analogous to the effect discussed in Sect. 3.
The leading contributions to the ∆F = 2 operators involving four left-handed quarks have the form
where g s is the QCD gauge coupling and we denoted by d iL (i = 1, 2, 3) the down-type left-handed quark in the i-th generation. As can be seen from the above expression, the flavor changing operators follow an approximate MFV structure
The current bounds on the coefficient of the chirality conserving ∆F = 2 operators is of the order C 
In this case, the experimental bounds translate into a combined bound on the amount of compositeness of the left-and right-handed bottom components. As we will discuss in Sect. 4.3, the bounds coming from the LR operators can be more stringent than the LL and RR ones if c b L c b R (see Fig. 11 ). Finally, another set of constraints comes from the direct LHC searches for EW vector resonances decaying into a pair of muons and for massive KK gluons decaying into top quarks. In the presence of sizable couplings with the light quarks, the production cross section of the vector boson KK's at the LHC can be significantly high. The current bounds allow to put some constraints on the amount of compositeness of the light quarks and of the bottom.
Electroweak precision data
In this section we will discuss the main electroweak precision observables which can be used to constrain our model. The most relevant bounds come from the universal oblique observables (encoded by the S, T and U parameters) and from the non-universal correction to the Z coupling with the bottom and the muon.
Oblique corrections
To compare the model predictions with electroweak precision tests (EWPT) we will use the original (S, T, U ) variables defined in Ref. [27] (see also Ref. [28] ). In our model they are given by the following expressions [12] 
where ρ = ke −A(y 1 ) and bounds on the S and T parameter are given by [29] T = 0.05 ± 0.07, S = 0.00 ± 0.08 (90% correlation) . (4.14)
These constraints imply a lower bound on the mass of the vector KK modes. The bounds on m KK as a function of a are shown in Fig. 6 (for the choice b = 1). For different values of b a similar behavior of the bounds is obtained.
As can be seen from the plot in Fig. 6 , for a ∼ 0.25 a significant reduction in the bound is present. In particular for the value of the parameters chosen in this paper, b = 1 and a = 0.2, the bound on the mass of the first KK mode is m KK 2 TeV. The reduction in the bounds is one of the peculiar features of soft-wall metrics, as the one we are using in our model. Even in the absence of a custodial symmetry in the bulk, the contributions to the oblique parameters are suppressed if the soft wall singularity is not far away from the IR brane. One way of understanding this effect is to look at the shape of the normalized physical Higgs wave function in the presence of the soft-wall metric ( h SW ) [15, 17] h SW (y) = √ y 1 e −2A+2αky e −A+αky (4.15)
It turns out that there is a local maximum of the function h SW for values of y < y 1 , unlike in the pure RS case in which h RS grows monotonically from the UV to the IR brane. As a consequence h SW (y 1 ) < h RS (y 1 ) and, since the KK-modes are localized towards the IR brane, there is a significant reduction in the EWSB-induced mass mixing with the gauge zero modes. This results in a suppression of the corrections to the S and T observables with respect to the RS scenario.
The Zbb coupling
As we mentioned in the general discussion in Sect. 4.1, the Z boson couplings to SM fermions with a sizable degree of compositeness can be modified by two independent effects: one coming from the vector KK modes and the other from the fermion KK excitations. The diagrams induced by these two effects in the case of the Z µbL,R γ µ b L,R couplings are shown in Fig. 7 . The distortion in the couplings can be straightforwardly written as a sum over the contributions of the various KK modes, as we did to derive the approximate result in Eq. (4.1). It is however possible to carry out explicitly the sum over the KK levels, thus obtaining the full result [16] 17) with y b the bottom quark Yukawa coupling and
It is easy to recognize that the two terms in Eq. (4.16) correspond respectively to the effects of the massive vectors and of the fermion KK modes 9 .
The experimental constraints on the Zbb coupling come from the Z-pole observables measured at LEP, in particular R b , the ratio of the Z →bb partial width to the inclusive hadronic width, and A b F B , the forward-backward asymmetry of the bottom quark. In addition SLD directly measured the bottom asymmetry A b with longitudinal beam polarizations. These three quantities are related at tree-level to the Zbb couplings by
In our computation we are not including additional contributions coming from the mixing of the bottom quark with the light-generations quarks that is induced after EWSB. This effect is however negligible since the mixing matrix is highly hierarchical. From these expressions we can extract the contributions induced by the coupling modifications To derive these results we chose α = 3, which corresponds to a completely Natural scenario with no tuning in the Higgs sector. One can see that already in the SM (δR b = δA F B = 0) some tension slightly above the 2σ level is present in the data. In our model we are never able to reduce the tension, although for a sizable range of the parameters the agreement with the data is the same as in the SM. We extract a constraint on c b L by allowing only configurations which agree with the data within the 3σ range. In this way we find 0.4 c b L 0.7.
If some amount of tuning is allowed in the Higgs sector (i.e. for α < 3), the Higgs background wave-function becomes more flat and the EWSB mixing among different KK levels decreases. In this case the corrections to the Z couplings can be reduced and the bounds on the b compositeness relaxed. We show in Fig. 9 how the bounds on c b L,R vary as a function of α. The amount of fine tuning as a function of α was plotted in Fig. 2 . If we allow for a 5% tuning (corresponding to α 2.9), the bounds are slightly relaxed to 0.37 c b L 0.71. Notice however that the tuning increases exponentially for α 2.95, thus a further significant reduction of the bounds would require unacceptably high tuning.
The Zµµ coupling
Analogously to the bottom couplings to the Z, the massive KK modes also induce modifications of the muon couplings. The explicit formulae for these corrections can be obtained from Eqs. (4.16), (4.17) and (4.18) with obvious substitutions.
The current bounds on the distortions of the muon couplings to the Z are given in Ref. [29] . In our scenario we assumed that the right-handed muon component is almost elementary, thus its coupling does not deviate appreciably from its SM value, δg µ R (c µ R ) 0. In this case the bounds on the deviation of the µ L coupling are given by
As in the case of the bottom coupling, also the µ L coupling to the Z depends on the amount of compositeness of the fermion as well as on the localization of the Higgs, i.e. by the parameter α. Smaller values of α imply a reduction of the corrections, at the price of an increased amount of tuning in the Higgs sector. The bound on c µ L as a function of α is shown in Fig. 10 . Requiring our model to be completely Natural implies the constraint c µ L 0.4. If we accept a tuning of the order of 5% the constraint is relaxed to c µ L 0.37.
Flavor observables
Another important set of constraints comes from ∆F = 2 flavor-changing processes mediated by four-fermion contact interactions. These observables can be used to put some bounds on the amount of compositeness of the bottom quark.
As we already discussed in Sect. 4.1, the main new-physics contributions to ∆F = 2 processes come from the exchange of gluon KK modes. The leading flavor-violating couplings of the KK gluons involving the down-type quarks are given by (compare with Eq. (3.4) ) 22) where the g
couplings are given by
,R denote the KK-gluon couplings to the first and second generation down quarks, which are universal due to the U (2) flavor symmetry present in our model, namely g
After integrating out the massive KK gluons, the couplings in Eq. (4.22) give rise to the following set of ∆F = 2 dimension-six operators
where c LL,RR(n) ij
The current bounds on the ∆F = 2 contact operators [25, 26] can be translated into constraints on the quantities where, to simplify the full expressions, we used the fact that g
which follows from our assumption that the light-generation quarks are almost elementary.
The bound in Eq. 
The ATLAS di-muon resonance search
An additional experimental constraint comes from direct searches for high-mass resonances decaying into di-muon final states. This search has been performed by the ATLAS Collaboration both at √ s = 8 TeV with an integrated luminosity of 20.3 fb −1 [30] , and at √ s = 13 TeV with an integrated luminosity of 3.2 fb −1 [31] .
In our model this search can be sensitive to the production of the massive excitations of the Z and of the photon. The resonances Z width of X n (X = Z, γ) into a fermion pairf f is given at the tree-level by 29) where N c = 3 (1) for quarks (leptons) and we neglected the effect of fermion masses. In the narrow width approximation (NWA) the cross-section for the process 30) where all couplings refer to the g X n f L,R couplings and for simplicity we have omitted the superscript X n . To obtain the above formula we neglected, in the denominator of Eq. (4.30), the contributions from the light quarks (u, d, s, c) and leptons (e, ν e ) to the decay width.
The 13 TeV ATLAS experimental bound [31] , translates into the constraint A < 0.022 (A < 0.003) for M n = 3 TeV (M n = 2 TeV) at 95% CL. To get an idea of the bounds on the parameter space of our model we reduce the number of free parameters by setting a common value for the compositeness of the light quarks c q L = c q R ≡ c q for q = u, d. The constraints in the plane (c q , c µ L ) are shown in Fig. 13 , for a benchmark choice of the parameters. The numerical results show that for almost elementary light quarks c q 0.46 basically no bound is present on the amount of µ L compositeness.
Direct searches on KK gluons
A second set of direct constraints comes from searches of massive gluon KK modes. Since the gluons are the most strongly coupled KK modes, they should be more copiously produced than EW KK modes and easily detected at the LHC due to the sizable branching ratio intott. On the other hand, since the EWSB contribution to the mass of the KK modes is negligible, it turns out, as was already noticed, that all gauge boson KK modes are approximately degenerate in mass. Therefore the bounds on the mass of gluon KK modes directly translates into bounds on the mass M n of all vector KK modes. Direct searches for KK gluons G n µ , in the RS scenarios, have been performed by CMS [32] , for an integrated luminosity of 19.7 fb −1 and √ s = 8 TeV, and by ATLAS [33] ,
for an integrated luminosity of 20.3 fb −1 and √ s = 8 TeV, by measuring the cross-section σ(pp →tt). The KK gluon is produced by the DY mechanism from light quarks and decays preferentially into top quarks. The experimental searches focus on the lepton plus jets final state, where the top pair decays into W + bW −b , one W decaying leptonically and the other hadronically. The 95% CL bounds obtained in these searches are
TeV (ATLAS) . (4.31)
These bounds are derived in a RS set-up with light fermions localized towards the UV brane (c f > 0.5) whose coupling to the first KK gluon excitation has the value g G 1 RSf f 0.2 g s [34] . In our model, instead, this coupling is significantly smaller, g G 1f f 0.13 g s (see Fig. 1 ). This translates into a slightly weaker bound, namely M 1 2 TeV, which coincides with our benchmark choice for the KK scale. We want to stress here that our choice of M 1 2 TeV is just a benchmark point and the results found in our analysis would be essentially unchanged by slightly increasing this value.
Conclusions
In this paper we explored a modified RS model as a possible explanation of the recentlyfound anomalies in the semi-leptonic B-meson decays. The attractiveness of our scenario is the fact that the new dynamics that generates the flavor anomalies is not ad-hoc, but instead is intrinsically linked to the mechanism that in RS scenarios ensures a natural solution of the EW Hierarchy Problem. The corrections to the B-meson physics are indeed due to ∆F = 1 four-fermion contact interactions induced by the exchange of the heavy KK modes of the Z-gauge boson and of the photon. These modes are unavoidably present in the RS scenarios in which the SM gauge invariance is also extended into the bulk.
Sizable corrections to the ∆F = 1 processes can be obtained provided that the lefthanded components of the bottom quark and of the muon lepton have a sizable degree of compositeness, i.e. that they are sufficiently localized towards the IR brane. In this case large couplings to the gauge KK modes are generated, which translate into sizable contributions to the contact operators O 9,10 . Additional contributions to operators involving the right-handed quarks O 9,10 could also be generated if the b R quark is sufficiently IR localized.
The main quantities that control the ∆F = 1 effects are thus the 5D bulk masses of the bottom and the muon fields, which are conveniently encoded in the c b L,R and c µ L parameters. The parameter space region that allows to fit the current flavor anomalies is shown in Fig. 4 . The strongest constraints on the parameter space of our model come from the requirement of inducing a large enough contribution to the O 9 operator (see Tab. 1). This implies that at least one of the conditions c µ L 0.45 and c b L 0.45 must be satisfied. The b R field can instead be almost elementary (c b R 0.5).
As a consequence of the large amount of compositeness for the µ L and/or b L fields, sizable corrections in the electroweak and flavor observables can be generated. Deviations in the g Zμµ and g Zbb couplings are indeed expected and can be used to put some bounds on c µ L and c b L . In a completely Natural model one finds c µ L 0.4 and c b L 0.4. These bounds can be slightly relaxed, at the price of introducing some fine-tuning in the Higgs mass, by modifying the localization of the Higgs field. A fine-tuning of the order of 5% allows to weaken the bounds to c µ L , c b L 0.37 (see Figs. 8 and 10 ). Notice however that the amount of tuning increases exponentially when one tries to further lower these bounds, thus quickly reaching unacceptably high values.
Even stronger bounds can be derived from flavor observables, most noticeably ∆F = 2 processes. The exchange of massive vector fields (in particular the KK modes of the gluons) gives rise to four-fermion contact interactions involving the SM quarks. After EWSB these operators can develop flavor-changing components due to the mixing among the various generations induced by the Yukawa couplings. Contact operators involving the down-type quarks are fully controlled by the amount of compositeness of the b L and b R fields and by the CKM matrix elements. The flavor data can thus be directly translated into bounds c b L 0.43, and c b R 0.43 which can not be evaded in our set-up. Even stronger bounds are found for c b L c b R , in which case c b L,R 0.5 (see Fig. 11 ).
Finally additional constraints on the amount of compositeness of the first generation quarks can be derived from the LHC searches for resonances decaying into a muon pair, as well as from direct searches of KK gluons. These constraints are however easily fulfilled in our model by assuming that the first generation quarks are localized toward the UV and thus weakly coupled to the gauge KK modes (see Fig. 13 ). The results of our analysis are summarized in Fig. 14 , where we show the parameter space regions in the (c b L , c µ L ) and (c b R , c µ L ) planes that allow to fit the flavor anomalies, together with the constraints coming from EW and flavor precision measurements. The regions allowed by all constraints correspond to the un-shadowed areas. Notice that in the plots we did not include the lower bound for c µ L implied by the corrections to the Zµ L µ L vertex. We instead showed the amount of fine tuning in the Higgs sector that is needed to pass the EW constraints for each value of c µ L . The dashed horizontal line corresponds to a completely Natural scenario, whereas the dotted and dot-dashed lines correspond respectively to 40% and 1% tuning. Analogously, the constraints from the corrections to the Zbb couplings (in particular the observables δA b and δA An interesting outcome of our analysis is the fact that, in a completely Natural model with no tuning in the Higgs sector, requiring the flavor anomalies to be reproduced almost completely fix the values of the parameters c b L c µ L 0.45. In this configuration the corrections to the ∆F = 2 observables and the deviations in the Z couplings to the b L and µ L fields are all expected to be close to the present experimental bounds. This is a quite sharp prediction of our scenario, which predicts correlated deviations potentially testable in not so far future experiments.
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Finally, let us also add that the concrete model studied here also sharply predicts the presence of a dilaton-like scalar with mass around 100 GeV, see Ref. [18] . As discussed in Refs. [35] [36] [37] [38] such a light dilaton can appear naturally in this kind of models, and it is experimentally allowed basically because its couplings to SM fields are slightly suppressed [18, 19] . This dilaton-like state looks quite unrelated to the flavor physics and there might be other extra-dimensional models that manage to address the flavor anomalies and Naturalness without it. In the class of models analyzed here, its presence is related to the fact that the model passes all tests with a low KK scale ∼ 2 TeV.
